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‘‘ Oblique Arohes on Curves.” 
By ARTHUR HATSELL OWLES, Assoc. M. Inst. C.E. 

WHEN an oblique  arch  has to be built on a  sharp  curve  there  is 
difficulty in  expeditiously  setting  out  the  lines for the abutments, 
etc., on the ground. The 
late Mr. J. H. W. Buck 
described the method 
which  should  generally 
be  adopted ; but  he fur- 
nished no method  for ‘ 
setting  out  this class of 
bridge. The Author ac- 
cordingly  has compiled 
the  following formulas 
to minimize the outdoor 
work when  the  required 
dimensions  have been 
calculated. The faces 
of the arch and of the 
abutment ends are as- 
sumed to be built  parallel 
to the curved  centre  line, 
so that  the  lengths of 
the  abutments differ, and 
the  skew  spans at  each 
side  are  not  equal. The 
use of these  formulas, 
besides expediting  the 
work, possesses the ad- 
vantages  that  the method 
is correct, that it can be checked by direct  measurement with  the 

“ A Practical  and  Theoretical Essay on  Oblique  Bridges,” by J. W. Buck. 
4th  edition,  London, 1895. 
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calculated  figures, and  that  the  information  to be given to the 
workmen is simplified. 

The process of arriving  at  the  desired dimensions, viz., ( U )  the 
lengths of the  abutments, (a) the  skew spans, and (c )  the diver- 
gence of courses, will be given for a bridge  with stone springers 
and a brick arch,  having  the following  dimensions :-S = square 
span = 25 feet; V = rise = 8 feet ; W = square  width = 24 feet ; 
T = thickness of arch = 2.25 feet ; R = radius of centre  line = 
20 chains ; t = thickness of courses = 0 - 27 foot ; A = angle of 
skew = 40'. To obtain t, a trial of the  bricks to be used should 
be made. 

S 
2 

m = - sec A = 16.317 feet. 

Angle y sin-' ~ __.~~-__ ~- . . __ .. - 
W R - -  
2 

- 130' 13' 30" 

L, the  length of the first abutment, 

Angle z = sin-1 ___--~~ = 128'  29' 55" (R + m )  cos A 
W R - -  
2 

Angle W = sin-l (R + m )  cos A 
W = 50" 13' 18" 

- 
E ,  the  length of the second abntment, 

sin (180"- z - w )  (R - 2> W 

sin W 
-~ - ~ = 38 '01 feet. 

Anmle g = angle of convex span = angle (tu - E) = 1' 39' 8" 

sin g (R + 
G = convex span = - ~ = 38.409 feet. 

sm ~ ~~ 

. 180'- 9 
2 
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Angle f = angle of concave span y - z = 1" 43' 35" 

sin f (R - 
F = concave span = __ ~. ~ - = 39.346 feet. 

sin -___ 
. 180" - f 

2 

Z = skew span on centre  line = S cosec A = 38  -893 feet. 

z - 
Angle U = tan-l 

2 
= 0" 50' 39" 

= 18.683 feet. 

= 19.347 feet. 

Calculating,  then, the dimen- 
sions for the skew arch, Figs. 2, 
in  the  ordinary WAY, the follow- 
ing results are obtained :- 

0 = obliquity = S cot A 
= 29.794 feet. 

v2 + (;y 
r = radius of intrados - 

2v 
= 13.765 feet. 

Figs. 2. 

Scale, 1 inch = 33 feet. 

S 

C = half  angle of arc = sin-' - = 65" 14' 39" 

E = length of arc = (constant  for  angle C) 2 r = 31.349 feet. 

I = angle of intrados = tan-' - = 43" 32' 36" 

Divergence P = L sin I = 25.28 feet. 

2 
r 

0 
K 
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Number of courses = ~ = 93 
25 * 28 
0-2718 

Divergence Q = I sin I = 26.18 feet. 

Number of courses = - = 97 26.18 
0.27 

E = angle of extrados = 47" 52' 30" 

which is obtained  from the equation- 

tan E = tan I ~ 

r + T  

X = eccentricity = ( r  + T) cot A tan I = 18.139 €eet. 

The divergence will be  different for the  two  abutments, owing 
to  the difference in  their  length,  as shown by  the development of 

the  intrados, Figs. 2. The  important  point is to  get 
fliq.3. the  lines of the beds on each side of the  arch  parallel, 

even if  the  angle  at  which  they leave the  springing  is 
,* not  quite accurate. I n  brick arches, the thickness of 

,*' the courses might be adjusted so that  an  exact  number 
of courses will fit the calculated divergence. 

The checks may be either raised or sunk above the 
springing, except the checks at  acute quoins, which 

must be raised. I t  is  usual  to raise several of the checks there, 
as a certain  thickness of stone has to  be  provided for the quoin, 

D 
Fig. 4. 

Fig. 5. 

Figs. 5, 6 and 7, and  that  thickness is better used in raised checks 
than  cut away. The dimensions of the checks are shown in 

T 

Fig. 3;  they  are, for abutment IL, - = 0.394 foot, and for abut- lJ 

93 
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l 
97 

ment 1, - = 0.392 foot, which are  the  lengths on the imposts. 

A zinc template  will be needed for this ; and care  should  be taken 
to have it applied correctly to  the stones, as masons are  apt to 
conclude that  there should  be right-  and  left-hand checks, and to 
dress the  stone accordingly. A template  will be  required for the 

Fig. 6 .  ,I' 

,,,,/ 

l 

square section, as  in Fig. 4 ; and  the  thickness of the stones must 
be equal  to a certain  number of courses, to suit  the backing. The 
check, too, should  be parallel  in  depth, so that  the  bricks  will fit 
the check through  the  full  thickness of the  arch, as the  twist 
on the bed is thereby done away  with;  but  this  is not of 

Fig. 7. 

importance in  a brick arch. The  lengths of the stone  should be 
arranged so that  the  joints come at  the bottom of the checks. 
The  end check on the obtuse quoins  will be slightly longer on 
the side, or bed, than  the others, and  the check on the  acute 
quoins  slightly shorter. For obtuse quoins, the  additional  length 

2 A 2  
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of check = sec ( t  sin I - t cos I cos C cot A) ; and  the reduced 
length for acute quoins is the same. 

If  there is more than one brick  arch, in  order that  the ends of 
the  pier  may be  uniform, two checks  at. least would need raising 
on the  acute quoin, as shown in Fig. 6, in  which case eight checks 
are raised. The portion  shown in addition, numbered 9, is added, 
so that  the  end elevation may  be  uniform;  and  there must 
always be one more check on the  acute  quoin  than  are raised on 
the obtuse  quoin. Templates  will be needed for these  quoins, one 
for the bottom beds, as in Fig. 8, and one for the end face, as in 

Fig. 8. 

Fig. 7. The reason  for raising  eight checks on the example given 
is, that if  a less number were  raised, the checks  would cut  through 
to the  end face. No attention  has been paid to the  curve  in  the 
diagrams of pier quoins, as i t  would unnecessarily complicate 
the  example; nor  do the figures represent  any  typical case, but 
have been  purposely taken in   an exaggerated form  for better 
illustration. 

The  Paper is illustrated  by  two  sheets of tracings, from which 
the  Figures  in  the  text  have been prepared. 
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